. Mieloszynski 1 has published tabulated mass spectra of 2 and 3 isolated from undefined "mélanges industriels", showing the same ions as in our trithiepane mass spectra, but in markedly different abundances. The reported 1 H NMR data of 2 were similar to ours obtained from a synthetic sample, while that of 3 differed.
1
The mass spectra of compounds D and E contain the same fragments as B and C (except m/z 106), but obviously these compounds carry an additional S-atom, visible by the increase of 32 amu of the M + ion.
Again, no S 3 fragment is observed, pointing to two disulfide bridges in the compounds. Therefore, 3,3,7,7-tetramethyl-1,2,5,6-tetrathiocane (5) and 3,3,8,8-tetramethyl-1,2,5,6-tetrathiocane (6) were proposed as target structures. The mass spectrum of 6 matches the literature data for compound 5 by
Mieloszynski, who suggested this structure but did not report NMR data. 1 A table of the GC-HRMS-data for the postulated structures A-E as well as mass spectra of compounds 1-2 and 5-8 are available in the supporting information. Synthesis. Synthetic reference material was then needed to prove the proposed structures, assign the potential isomers, and to obtain material for biotests. A first attempt to their synthesis was the nucleophilic thiolate ring opening of episulfides. 2,2-Dimethyloxirane (9) was transformed with KSCN into 2,2-dimethylthiirane (10). 12 Then NaSH was added to 10 assuming that the SH − nucleophile could attack the episulfide from the least hindered side, forming an thiolate anion which in turn should open another thiirane molecule, forming target compound 3 after a spontaneous oxidative ring-closing coupling of two sulfur atoms. Compound 3 was isolated in 11% yield after extended chromatographic purification because of formation of many oligomeric side products. The isomeric thiepane 4 was also formed during the reaction and isolated in pure form; its formation can be rationalized by transfer of a proton from the primary to the tertiary sulfur position prior to the attack of the second thiirane molecule. Compounds 3 and 4 were distinguished by their high temperature NMR spectra. While 3 showed only one signal for the two methylene units, the spectrum of compound 4 was more complex due to the missing symmetry plane. Interestingly, both compounds showed identical gas chromatographic retention times on an apolar BPX-5 phase. Careful analysis of the slight differences in the mass spectra of the synthetic products and compound B (RI: 1472) proved that B is actually a 3:2 mixture of 3 and 4 ( Figure 2 Because the above synthesis gave no access to the other compounds, an alternative strategy was used to synthesize the isomeric trithiepane 2 (Scheme 2). The major product of the addition of sulfur monochloride and isobutene is 2-chloro-1-(2-chloro-2-methylpropyldisulfanyl)-2-methylpropane (11). 13 The following reaction with NaSH, which included the substitution of chloride, followed by a ring-closing reaction, led to 2 and 6. By use of one equivalent NaSH trithiepane 2 was isolated, while tetrathiocane 6 was formed using two equivalents. These compounds were always accompanied by the trithiolane 1, which showed identical GC and MS data as compound A. Unfortunately, its isolation failed, presumably because of the instability of trithiolanes. 14 The crude 4,4-dimethyl-1,2,3-trithiolane (1) was then used in the synthesis in compound 5 (Scheme 3). isobutene, in analogy to experiments by Bartlett and Ghosh with norbornene. 16 Small amounts of 1 were formed, but major components of the inseparable mixture were 5,5-dimethyl-1,2,3,4-tetrathiane (7) and also 6,6-dimethyl-1,2,3,4,5-pentathiepane. Compound 7 proved to be identical to an additional trace component of the natural extract.
NMR experiments
The synthesized compounds 2-6 showed interesting NMR spectra, pointing to considerable flexibility of the ring system. Some 1 H NMR spectra at room temperature are shown in Figures 3 and 4. The spectrum of 4,4,6,6-tetramethyl-1,2,5-trithiepane (2) showed only one signal for the four methyl and for the two methylene groups, in opposite to the spectrum of 3,3,7,7-tetramethyl-1,2,5-trithiepane (3) in which two types of methyl groups can be differentiated. The protons of the methylene groups are also split into two doublets of an AB spin system. The spectrum of 3,3,6,6-tetramethyl-1,2,5-trithiepane (4) showed only broad signals, pointing to a point of coalescence near this temperature. Obviously the flexibility of the trithiepanes at room temperature increases from 2 to 4 and further to 3. In case of the tetrathiocanes, similar spectra showed that 5, again having a coalescence point near room temperature, is more flexible than 6 (Figure 4 ). We then performed temperature-dependent NMR-experiments to get more insight into the conformations of the thiepanes. As an example, the spectra for 4 are shown in Figure 5 . At low temperature a preferred conformation exist which allows the observation of for different methyl groups and four different methylene-hydrogen atoms. In contrast, at high temperature only one signal for the two different methylene groups and the two types of methyl groups were observed. 
Theoretical calculations
In order to further analyze the conformational complexity and the dynamic properties due to rapid ring interconversion (lit. Hendrickson) in the thiepanes and thiocanes, we performed a series of DFT (density functional theory) gas phase calculations. The resulting optimized conformations were further used as a starting point for GIAO (gauche independent atomic orbitals, lit) simulations of the corresponding NMR data in order to characterize the dominating conformers. All calculations were done using the B3LYP (lit.)
hybrid density functional in combination with a polarized triple (ζ ?) zeta basis set (6-311+G(d,p)). The procedure will be shown for 3,3,6,6-tetramethyl-1,2,5-trithiepane (4) as an example. In a first step, an extensive force field (MMFF, lit.) scan of the energy surface was performed. Then all minima were reoptimized using the B3LYP functional. In the third phase, the energies and geometries of all transition states connecting the minima were localized and finally the NMR spectra for all energy minima were computed. Figure 6 shows the two conformers with the lowest energy, detected by this procedure. kcal/mol higher in energy compared to the twist-chair minimum I. Another transition state (6.12 kcal/mol; back reaction: 11.73 kcal/mol) -this time best described as twist boat -has to be climbed before finally the twist-chair II minimum is reached,. That means that the overall interconversion of the twist-chair conformations I and II occurs via two local minima. The activation barrier of the rate determining step in the gas phase is predicted to be around 13.5 kcal/mol. In order to find out if our theoretical findings hold also true for the condensed phase, we compared the simulated gas phase 1 H NMR spectra for all characterized minima with the experimental low temperature NMR spectrum of structure 4 in CD 2 Cl 2 ( Figure 5 ). The calculated spectra showed the relative positions of the methyl and methylene H atoms, omitting splitting due to coupling. The twist-chair conformation compares very well to the experimental spectrum, while the other two spectra showed marked differences. The experimental data supported the theoretical calculations and showed that in solution the twist-chair conformer is preferred, too. The value of 13.88 kcal/mol is in good agreement with the theoretical result (13.5 kcal/mol), pointing to a good agreement of theory and experiment.
Based on the given procedure, the favoured conformation of the trithiepanes 2 and 3 as well as the tetrathiocanes 5 and 6 were calculated. Also the rate constants, temperatures of coalescence and the free activation enthalpies for all interconvertion processes were calculated from the given formulas ( Table 1) . The free activation enthalpy for the interconversion processes of 3,3,8,8-tetramethyl-1,2,5,6-tetrathiocane (6) was theoretically calculated to about 21 kcal/mol. That would match a coalescence temperature of round about 420 K, which could not be measured on the given NMR equipment. All NMR data and MS spectra are available in the supporting information.
Conclusion:
In In this research we were able to show the preferred conformations of the Oligosulfides 2-6. In case of the trithiepanes, 3 has the most stable conformation showing a `chair` arrangement. So does 2 which is the most flexible molecule of all three. The `twist-chair` conformation of 4 which is described in detail is the most interesting arrangement, but surprisingly not the less stable one. A nearly similar `twist` conformation is given by the tetrathiocane 6 which coalescence temperature should be round about 420 K.
So its got an even more stable conformation than 5 with its given `chair` arrangement.
The only structure which is known yet, but not as a nature product, is 4 found by Bhatti and Goethals as a degradation product of poly(thio-1,1-dimethyethylene) 18 and was characterized by MS data. Other
Ground structures like 1,2,5,6-tetrathiocane or 1,2,5-trithiepane are also known Paul:mehr Lit heraussuchen und angeben???. Trithiolane was recently found by Rushdi and Simoneit who did reactions with CS 2 and oxalic acid solutions in stainless steel vessels at high temperature and pressure 19 .
Methods and Materials: (Reihenfolge in Autorenanweisungen beachten!)
GC-MS analyses (EI, 70 eV) were performed using a GC 6890, coupled to a MSD 5973 (HewlettPackard). A BPX-5 (25m x 0.25m x 0.25 μm, SGE) capillary column with He as the carrier gas was used with a constant flow rate of 1 ml/min. The initial oven temperature was 50°C, held for 2 minutes, followed by heating with 3°C/min to 320°C. NMR spectra were recorded with a Bruker AM-400 instrument with tetramethylsilane an internal standard. TLC analyses were performed on pre-coated silica gel sheets (Polygram ® SIL G/UV 254 , Macherey-Nagel). For visualization 8 % molybdatophosphoric acid in ethanol was used. Column chromatography was performed using silica gel (silica gel 60, corn size 0.069-0.200 mm, Merck). IR-data were obtained using a Bruker Tensor 27 with diamond-ATR-technique.
Biological material: Irene strain isolation. Referenz-Angabe reicht.
Calculations: All calculations were done using the program packages Gaussian03 (lit) and In a tree necked round bottom flask 7 äq. NaSH · × H 2 O (385 mmol, 21.56g) was dissolved in 200 ml
MeOH and 10 mol% (relating to the Thiirane) triethylamine was added. That followed 55 mmol 2,2-dimethylthiirane was dropped in a time period of 30 min. The solution was stirred at room temperature.
After 2 days the solution was hydrolysed and extracted with diethyl ether. After drying over MgSO 4 and following filtration the solvent was removed in reduced pressure. The remained liquid was purified by LC.
Pentane is used as solvent. 3,3,7,7-tetramethyl-1,2,5-trithiepane (3) Scheme X. MS spectra of 4,4,6,6-tetramethyl-1,2,5-trithiepane (2) .
